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L T . A- ^ > 4^/F [z ISI L T ^ Y n -y h '> > Y^YWC (i ISI L 4‘ 

v^o^^o'C./^°Y n -y h V > ^ <h (ci 0IE?t4'A^ Yw^^t^i3 iC/ 

ilM-7°n-7 T Y;i^i|iJ^^tf 7 - <h/)^'pTtgh^^o A- ^ 

V y^)\/\)\(Dif~- F 'f y 9 —''^'Jl'MliNQD^Ot L> =0</)lir-^ii//"— KY y 9 
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[0 0 2 1 ] 

H4 1 CO . M^tLAN '> X ^ ( IEEE802 .11a) $ ti T v ^ ^ ^'~ 

:5^<^7'cSI ('7°') T > y^Jl^iE'w) '5‘/)|5:(iRLS(Recursive Least Square 

4uy h '> >4^/LP Ncp^lf Ai-^ - J: d 4' 

> 

^uy h '>>4^';Wciott^(NGp-NGD)-*L>X;WCou^T(i. Ngp = Ngd<t>@^GIR 
V X -r A ho <t o -r . t iwi 

— i ^ (cngd^^J'^ < i^^mx^ho 

[0 0 2 2 ] 

(B) 

03«±^m»!lX)OFDMfKl^;^^ic4b'lt^$lt^ao^#^[Il-e^b^o EIP# 

-c ^ [Biii'e * Frastu (i 0# mt x> ^ ti . FFiMai^ 

i±m'mmmx>mm^^i- 1> n . iFFi^am f i b# ^tihomi mm 

i'=^t 

5EXn7 T 

0^ L * V (HI40/))te#7t5:ftgra 1 . m.^'l9.mui2 ^ #BS) {i , ^ 

X'— EM X ^ — /'^/H5t^grilOOtcA/;ji~-5)o n -7 h -> x P H#t)n 

^tihiJ"— EM X ^ — /s';^:RNGp^i^ x— X v x.-J^/l^Dit’-ffljn^ /;"- EM X 
X-/'t;i^5NGD<L *9 A^ < (Ngp>Ngd) o 

[0 0 2 3] 

if- EM X X - /'^XFPt Ag[5100(i M- EM X X - /s;i^GI ^ P^A L T A x X 
^g[510mt/?^#gpi02{cAAA^o^M a y E X X 

A^ AA^i^g|5101X>IFFTgEl01a{iBE^^<7)/^M n -y E X X A/LX)AX"A X ') T)S; 
55'^IFFTL-CSfrp^W^ (Uy°')ij) ^^±L.WmUmmoibliUy°Oijt'§:in 
L A/M n -y E ffl-^gP55* t <7)tgi:^gp^g ^tfU-th A ^ -CMMXn ^ r / A ^iij^ 
irho ^P^A{±. LgMvt#§P101b{i$M-^x»NAxx°;L^J4m L. XM'9*^ 

1 AxMaAMXx E NAXx°;P^<7)ft»^^Tdo 
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4” ;i/7!>^'iIiJ^$n^o 
[0 0 2 4] 

p|S103(i^ ■?■ -'r ^^^^^a|5101'C}fJ^ $ tT-/;®5£'7°n y t '{ ^l' 

r- ^ V > :¥)\yT)i(D if - K 4^ > ^ Tt; jl5ir^/>WJ 

-tLX. 02^1^^ i 5 t;ii«<7)315SBffB^Nrmax^^'NGD^^-t 
\zfj:ht (NGD<Nrmax) > ISI W7°>; :^;i«104ii. NGD^^jji t /:gri55'(E12(7) 
\zmm't^l^ivy°') ij . (Nrniax-NGD)-^>'7°>’H^ffi^i-^ 

ISI P -7“ 0 ^ V 9 

O 

[0 0 2 5] 

Bi4(iisivy; ij^^^-nmmmmxh o . iiMv^BiiitMA/>^(bNGDJ'^±ii 

M L ^ iI5$Pf Tb^N r max ^^N gd< N r max ^ ^ o A O ^•'- ^ v > 4^' ;1 /Dq 

n -y h '>>^-i^';i^Pt— 0 . S5 $?^Bco^n°4' o y h '> >4^';PP 

>l(7)*[55^'(7)/^°4' n y P '> > 4^' ;P ^ 

*-r ^ ^ o T ^ ^ 1 1 TU ' ^ B# PbK > 7°;p ^) (i y = (N r max - ^GD) * 

^xisiux') ij t Lx^^-t^ m4id)mmum°)o 

smsiy-X') i7 X ;p ^^c.ztL^zx ^ ■f-y x -’PMft ^MLx 

mo2iz xt)ir ^ X oisii^y; ij ^mnLx.m4ie)<D^ 

ffiiJti^-TiS^r^A.ilMr^B (^'- ^ v >4^';PDo) i:'M^x>FFTmUUmizXfjir 

-5>o 

[0 0 2 6 ] 

FFT?S»g|5106(iAtl Ltz'§:mm^\ZFFYmn^m^m l.X^r^y') rmx>r 
- ^H^-r 5) oX,FFT?I»gl5107(i. ^ y L T 

0 T<DXy ') T 

^UFFT?t#IS^t;^4' LTt"- 7 V >^i^';PDo^t#)?5c-r5)-<f r 

^4r 0 L-cm/:i-5)o 

IFFT?t^g|5109(i. ^4^ ^WPffifrai08^^<btii/:-r5> ^ '> y df }l'Do^mf&X 
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0 rm<Dmmr- y iziFFTmn^ML. r- y '> 

L. ilMIHSSllO(iigBfrHlfSffMt^^l'>>4^';i/0#rBns/f(til5£LnS 

[0 0 2 7] 

it^rSAO-r'- ^ V >4^/l^Di(l214#BS)(i. 

'> >4^;i/Dot— 0 > ^ v > ^ISI^i!^^$tt-CV^ 

^ O r . ^ >1 CO X - ^ V > 4^/^Docog|553' ^ I^*i- ^ ^ dSI 

^ZX\ ISI1^-7°'J /7^)ig$d04 
(i, Cico y BU T"'— ^ '> 0 f3^o TISI iJ 

t L r n^i- ^ ( 04 (d) o 

^ 1 <0 ^ ;Hift§rd05 (i ISI L- -7° 0 /7 H ^ ;t' 

y X )Fmn^mLxmnmo2izxt}ir ^ o'mnuio2i±‘§:inm^ ^isiuy; 

LT.04(e)(O^ffiiJH^i-l;^r^A.a5$r^B (t"'- ^ '> >d^/l/Di) ^f^lgco 

o 

[0 0 2 8 ] 

i'li.Tl^ltf^ISIl^y; OgiJPttrFFTMf^. 

mm Lx^r- 7 V yxz)FimmLxmtix^o 

05- 07fifl:i£i- ^ ^ tcio tt ^ SMr^fig (®5$B#rBl) 

i"^BER#t4('> 5 ^-U-'> 3 >|^:f:)'e^^o'> ^ l^-v 3 7 “ 7 (i 

[0 0 2 9] 
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[^11 



u — '>3 > y<-7 ^ 



rm 


N=1024 


OFDM W ??>)'>> 4^ /1^ (i^-VrT'/U) 


Nu=1024 


n -y h ->^7jf/urflPS 

/U) 


14 


y<-Y o y h 


® ^ : Ngp=200(= Ngd) 

: Nop=400(= NgdX2) 


Eb/No 


20dB 




16QAM 








D/U=0dB, IdB. 3dB 
lilBH : 33° 
ilffiiSfiS ; 150-300 



/nM n y h fS^J i: (iT^- ^ v > <h IWIi: i: t 
0 (Ngp=Ngd) > 'C(iNGP=2NGD<^ ^-5>o Cl v > 4^';P 

R#t4’C^ 0 . 

BI5-7tc#D/U (OdB, IdB, 3dB) 

l^^ cl: oTv^4‘V^l#'^c7)J}ft4{iA. 

D/U=OdB^P^|:, I^^OOFDMiijf vXx A J: 0 (iBER 

MrS) Btiu-efij o /z'd'C^) ^ o 
[0 0 3 0] 

0 'O ^FFT 

^ ^mW0([H2) <h|WJ-f|555't7{i|^^ff-^^'ftL'Cv^^o 
^A^:t';i^^i^g|5ioi' <DiFFTm>mcii.FFno6<Dmm^$^iziFFT^m^mLxm 
PbI ft ^ L . i=@ ra t et^ o/ 'f 

4 n -y F V yyr^)F(Dnmmy{l'-f''i ti) b o Til5£-7°o 7 r 4* ;P 

+iPQvS#g|5l0ldli^it'ft-^«oN+)->7°;p^?E&m L, ix-7° 
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o ztuzj:i 9 . ^S^^rSJlMr^< 7 )${S^ 4 ' ^ 

ia± <7) 15^0^ 43 (i , 2^ ^” X ( . MMM) -eiSI / ^ Olt'g* ^ ^ L T V ^ ^ 

7!)^ ^f§0^^iISI^^^-r^/^°x^l^ctlJP^^i4' < . ISI^^^L/:^'?xi5:55'60 1x-7' 
0 /7 v>o (M:fj) 

^-eeiJI® LT<>t#;b4'V^o h i^- k 

tyizj: 0i^i6-?>o 
[0 0 3 1 ] 

(C) ^2^M1?!l 

EI9 ii ^2^it1?iJ <7 )« jS; 1II -e ^ o ^ l (i v > fal =f #ISI o 

L 7*3 76^ a v > raiTi^isi {zi}u^r^^')T ^ m 

B#{cifpsiji-^o 

miou^^v Tmx-mci<r)nmw.mmmmx'hho mmmmx'^i'>y^:)vm 

(a) U^i-il^ErSBOlSIR^rBl y LT (b) 

^ FFTMS L /3 o 

Lt 6^L. il5£r^B{iISI^PB^yCOg[555''e^lg|^H^b. ^oT 

-0/3i6.FFT^St^ J: 0 t#<b y 0 T^^ic(i4r -y 0 TTbIT 

ii^ICHc /)'/)' ^ 4 ry 0 rr^T?^ICI^ 4 ' < (c)C*J^T- 

[0 0 3 2] 

^CT\(d)H^i-J; ^ t3Ab)<7)$'ff^t-^^FFT53iSL. \^i)^^'ik.TPVl^m-t h 
t. (e)t3/]4"t' <t 4 ^-5) o ^ (e) <75jS^js-^V^lF^</);^^y^ 

rBi^womoT(b)<7)$«it-^o^5iy^rB^t;#A-r-?) t (f)tc^-r i ^ u®5£?sb 

0 S®69 iw(±^(f){;7j4’t' -2> (b) 

^ FFT, IFFT^?2;31i- ^ t (O -C ^ ^ 7^3 i6 . (e) <7) vSf4 «i S ® t!>' 1 ^ -f ti o 
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[0 0 3 3] 

El 9 o m2mmm m3<Dmimtm t iwi -gp55' iz n ^ # l r u ^ 

;boFFTmnU20m.mmm2:d-hXt) tfzr- 9 '> >4^';^DiCO$m^®-^(E110(b 
) #0° ) t;FFT?t ^mLx-n-y"^ ^ T^(DT ~ ^ o ^ ^ 
mtU202u-^y"^^') TmzFFTmu^W:iz^^x)\^mmm^muir^oiFFTm 

^$5203 )l'mitM202:^^ ^ tti/7 -t ^ ^ v > .-F ' )VD j ^ ^ 7"4r -v 

e)#BS)^tti/l-r^o 

^ m, Lxmmm-^-'iKjtiyy^') /? (icii^^°'j ^7) 

^ L' ^ '^^^205t-/v/l”f' -S) o"^)^p|>205(i'fS,i^'(a"^'fS,7C 1^ *7 0 ^ ?J^^^102/i^ ^ 

tb/ji-'^$ffiffi-^(EI10(b)#BS) LTFFT?g#fl5106UA 

X'7nxmMm^2oe^mf.i^u^m2:d-hii!,ti'r^m-wim^LX'^j^U205 
izXtJ't^o 
[0 0 3 4] 

FFTi^»SI5106(± . '^^§[5205;^' (3FFT?t ^mLX^y" 

rmx>T- XJFmMUl08l±-^XX^ ') T^UFFT?t 

M^^Miz )^mnm t lx 

LX±{Z J: b , '> > i: *tc4p ^ .; T m=f mci^m\\ir ^ Z t 

■?)o 

^2HWUU J;tL(i\EI5~E17<7>iif14C-r^i-J: 7 tc.D/U=3dBfI)^-e(i315S;6'/7" 

'3E1JKT t; ^ V t ^ XW. L fiX\ JfeOOFDMjiff '> X f- A 
LT(i/c§ < tLTv>^ C: 

[0 0 3 5] 

(D) m3mmm 

Eiii(i^3^W!ic7)xxf /•?- v^is^Eitr^ b > m2Mmmx>mj^^2^.m2x 
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U—lJ(DV'y 

EHci3V>T.#r9 >^co^ft$|5301.302(i, ^ti'e'tiH2^»!l <h IWI-Otit^ 
^ ^-r ^ ^ O -e^) 0 . @9 <*; [WI — U (i R -rf ^ ^ # L T ^ ^ o M 4' ^ * (i , ^2 
^»!lOFFT?t»g|5106.20K -f- -V T' >»FMitgr^l08, 202. IFFTgpi09. 20344^fflft L 
T. F™#g|5201. IFFTgr>2034Pt*L/:;*'?:'^-i>o 

[0 0 3 6] 

/7 7l^/^J^gl5303(±. #-7"v >^cO'grlfg|5301.302Ui5lt 

> ^ {I io 1 1 ^ D/U 4 L . 4 r 7 ^ O IFFTSr>109;^^ ^ A/J i” ^ 4 

ii^L. (icii-y; 

-7" 7 > A g|5301 , 302CO -^^gB205 tc A A -t ^ o T > A A 7" 4' / s - v 

i?S:gP304 (i . # 7" 7 > A g(3301 , 3027)- A A 1" -?> 4 1^0 A (i'ft A Irt'^' 

fiKL-caiAA^o4i3. D/U0OD(i A -Y A A^^gTilOl <b A A A ^ 
com*. U(i^^#Sv^'e^^aMv^(ISIg|55t)omA4^L. D/U7)-A§lttUi'ISI 
gt3^/)mA7)^>h$ < . D/U7)^'/J-$ttn(i'ISIg|35}'(7)-ttA7)^'Ai v-o 
[0 0 3 7] 

^3^Mf?iJA'(i. A'ir'ft A=t 0D/U(7)A^'/-7"7 >A(7 )ICIIx7°'; A 

lS-74D/UcT)/h$v-7"7 >A<7)ICI^7°0 AlS-^<!: LT^>fflv- (itfflL) . -tUi 
4 0 #7"7 >AomPlf-7D°ae^e^C#A-?)o #7"7 >AOfIiift^p°pM45^#lt 
. yxi-r^ y'<-'y^miR • -l <h A'mLv-#f4^TA'7) 

L7"j$lt#t441^fEA^o L(>2) 7"7 > AHjoi/-T(i. ftA<7)D/U4#A^ 
7"7 >A<7)ICIW7°0 A A4 7S'- 

#14e^# AAT'^) ^ ill/ - A ^ o 

[II12.[113(±27"7 >^r4 y<- v A$^t(7)^*m4|^^,0^A^ 

0. 16:D/U7"7 >A<hi^D/U7"7 >A<7)D/UM (=AD/U) 4^^°7 7-7i:L. #HI 
fCjg;D/U7"7 > Ac7)$jfi|$1'4A 4^ L. Ft^<7)446t;315£B#R7)^'A- ^ A- K4 
>7-7 '^;vMNgd (=200A>7°;f) 
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L (Ngd= 200 - 9 - Eb/No^4BER#14^v 5 ^ lx- v 
ayLfZo ^hlZ, AD/U=ldBioi:f/5dBtZOV^TT-'-^5^ ^ti^'timh 

/No^tBER#t4 
[0 0 3 8] 

^y"y y^ltn^Lfzy j:.-y"y v^o - 

X>Z X^^fz^fMDA)X>iS^i:m^^^ZtlzJ: 0 y'4' 

h tL^ o 

II 12. El 13 J: 0 > A D/U=ldB lit y<-'> 

izi^i^x ii .±m<7)m^x7;)-^ <0 i^tixio <9 . m>o^7iEtcoijpm 
fiJ: i/:. AD/U=5dBi;4b'u^T(i.315£B#r47:)'^x 

~-ycr>:^"~ F7 ( = 200-9- > -7” ;i/) J'9>T(7)'i:'fS#t4B<h (5(?[WJ^ 

C7) #14 75^1# nr ^ o ^ me J; 0 . T > T- 7" 4' 7S-- V -f- (C j: ^ m3mmM(^^jj 

^yl>mm^tifzo r4'7-v- 

"C^ ^ O 

10 0 3 9] 

(E) m4mMM 
m3mmmizx o. mAj^t 

y^mniz X tt^^ -bK 7 > ^ 4^ 
^#14e» 419^-4^0 

0 .EI9(75||2||JI1?IJ^|1I— gl^^T-teiil^ 

— 4# L r V ^ ^ 4 ^ 4r ;i^MH$[5202 i: IFFTSP203 <^ FpI U -> > 

514IJ ^g|53 10 4 14 It 4 * -e * ^ o 
[0 0 4 0] 

t7 4^®;-t^P^ieiciie ct^M4Jfpj±-r^4i6te. FF 
-V t' $ tL4#-9-7"4r -V 0 -> > t^/W?14lJ^$PlO-ev > 

514iJ^IS^teiFFTML-riCIlxy; t7 4^)^-r^o4coj: 5 
tilt . ICI^ 4^1t ^^iE-t" -2)4E7l)^"C^<5>o E115(i <7) 
?44iJ^O'j^«^t44^-r7 lx-'> 3 >|j^0^EI'e^^o #-9- rtr 7 0 Tie 45 It 

^■T-7(tQPSK^P$nTV>^ L. M7!»^'l§ri LT 4lttUt\1f-^*{t (00) . 
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(01), (10). (11) lzf:{r^i:rmi5<D^mR<^x^inz^^ir:ho 

t l^ij X. {i'^l^PI<7)<f * (iA *(5:® cb ^ V ^ (iB */5;S iiZ-ffi^ 

LT^1^P^<7) xfiStc^b 

^4><7)<b^4‘L,L76'^ filFTOS L T ICI 1^ -7° 0 /7 ^ i- ^ t ( 

HI 10(f) #HS) <b tL, ^ o 

^ 4 ^»ij H J: tUi\ EI5- 07(7)# t4D -e^-f X ^ {;,D/U=0dBi5 J: t/ldB t ^ 

xniz^ <#tte:§:#$#Tv^;2)o 

[0 0 4 1 I 

(F) m^mmm 

4 -y ^401, rsifi^lJ^gM02 ^IStt ,D/U(7)fi icS i: TlglL.fitJ t; ,(D'> > .-F';F5g#^|g 

iciF-7°'; /7 LTv^^ 

05-07 < 4‘oTD/U7)ndBF/lTtc4'^ 
•5>^4^M'^ll(014)(7)#t4D7i)^\5I#^L4'V^^2^ii0!l(09)<7)#t4CJ: 0 ^ 
0<h L/i" L, D/U75^'ldBF:l±t;4'-i) ):)^i;5M#^'t'^^4^it^!)(014)<7)#i4 
D/6^5MflJ^L^'/^^2^»i|(09)(7)#t4CJ; ^^it-T^o^XX\ l|ftflJ^g|5402 
(i ^ -V ; f^®^®I5101 />' Xtl X ^ mM Xuy T 4 )V(D t U 

^\l^U310X^m^Lfz^^^ y y ^401-e^#^LTIFFT$I5203t;A/j LTICIF 
XV -A-,D/U7)ndBJ; 0 A7FMftfI5202coSftl® 

7 A401'eiiil^LTIFFTgI5203iCAA LTICIFy; iJ^m^ir;ho 

[0 0 4 2] 

(G) 

017(i^6^»!l(7)'§:jS^S(7)t#^0-e* 0,0 9 <0^2mtUMtm—U'y^l<Zi± 
l^— *JiA-VX'7F|ift$B202<hIFFT®|5203<7)PB^tC'j ^ -y 
;5^410^l^lt, 018(7) ^ y 
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mmm^ l 4 ' < r ^ hn^o 

III19-|II21(iD/U7!)^'^ti^'n0dB.3dB,5dB<7)l#'^Uiott^BER-jl5SB#rBl#t4'e^) 
0, A(i>; ^ y ^75''^'V^^2HW!l(7)BER#14.B(i^6^»!J(7>BER#14-e^;2>o D/ 
U=OdB/)0t,^6^»Jcc»#14(±^2^M1?i|<7)irf14tcE[:-CTlt^ffI®^4t'e^) ^ .3dB 
Rl±t:'(i^2^ife^iJc7)BERJrf t4 1 
[0 0 4 3] 

(H) ^ -V 

■V t o /;: -f- -v T' ><i^ 

-7 T 4 ^ LTv^^o ^ - 7 ° 

n-7T4';Wi. $lcjSDT^t!|-r^o'E-c:-e. 

D -y h '> 2 o(7)-f--ir 

^C0fza6. m22lZ7T:irXnizGm^.^Ul01(D'ik$^iz/<yyrllli: 
IStt ^ <h 4t II , ^ TWl/^i^§|Sfll01[^ gRlOle^fxlt ^ 4r 

<7)tiM?ll»S|S101b (iP^^i-^20(7)y44' n -y h '> > ^2/)^ 

XJ^m^M^nfMLX-mf^UlOleizXtl )vm cox ^ 

xr ^ Lxi^>x'xmmx 

mtJ'X^o ^x>x O lzXtilX\y'C-y y y lll7:>^'£'^iz^^:d^\^igy — Xiz 

Hi- -?) iltm ^ [^±X T^f^'X i ^ o 

[0 0 4 4] 

(I) ^vmmm 

IEI231XM 7 MM0UX>^m^MX>M^[^X^ 0 ,1119 X>m2mMPiJ ^ 

I^— n -y E '> >X'X(OmrBlrMHW-^X bISI 

i-yv :^m^m50i.FFTmMM502HcmmMMtam5 

03, icmm ^ lilEi- ^ ^nUGQA ^ H x. r v> ^ * -cab ^ o 
H2^ifef!l'e(i,llI10'emH^ LfzXo i3aSIfflrBly^|5^^l^*L/;:(b)t;^i-^'- 

i?' '> > ^FFT^M^mi- ^ /:; ^6 , ici -7° ^ ^ l -c (b) 

msmmyUid'^znxLxi>. iEinc(i(f)u^xi-j: 7 tnmmmmM.mi}mhfi 
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» 

[0 0 4 51 

X n {;$iJt®i-'5.oEP^.ISIuy; >^l^*gP501(i,KE 
n -7 h iyyrr:)V(Dmmmim^X O L,FFT?a#^i502 

■V •; T^UFFTtb/: n y h '> > ^'JF(D^^^i$MLXlCI^W]MAexp 

{] i>) ^mx,i-^o^nu504ii.^xA-^')rm~icmmmx>m^i±exp (- 
j ?5) /A^-f--V^wF^ift^202<7)m/j'fS-^t;^#L-r^^|^OIFFTrS^gP203tcA 

t[zX^ MUUmxismmyU^^m^Lfzfm 

^ ffiftA' # . ^ a O /; ^^gP304 J: 0 lElt ICI -7° 0 /7 ^§%^X § 

> mio(f)ti^i-ct 7 ±mci^miMi>^^'( ^ 

[0 0 4 6 1 

( J ) msmmm 

m24itm s ^mM(7:>'^m^w:x>mj^mx'^ 'o .mu(Dm4mMMtm~^^izix 

|S] — ^ # L T V ^ ^ o ^ 4' ^ * (± . A -V A )\^mmU202 1 IFFTg(5203 co Pel l>zWf fz 
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